1. Introduction
===============

1.1. Background and Statement of the problem
--------------------------------------------

Focal neurophaty of the median nerve at the wrist, known as the carpal tunnel syndrome (CTS), is one of the most common peripheral entrapment neuropathies with prevalence of 3.7% to 5.8% in the general population ([@b1-epj-08-2977]). As CTS affects daily activities and quality of life in many patients, it is considered as a significant health problem. Different fields of internal medicine or surgery would frequently encounter CTS both as care givers or patients ([@b2-epj-08-2977]). Traditionally known risk factors for CTS include repetitive use of hand and wrist, advanced age, obesity, pregnancy, acromegaly, amyloidosis, diabetes mellitus, renal diseases, trauma, osteoarthritis and thyroid diseases ([@b3-epj-08-2977]). The most important pathologic characteristics of CTS is the increase in the carpal tunnel pressure disrupting the blood flow in the median nerve causing damage ([@b4-epj-08-2977]). Patients with CTS usually complain of pain, paraesthesia and weakness in the hand, especially in the first three fingers worsening at nights ([@b5-epj-08-2977]). The exact pathogenesis of peripheral nerve abnormalities in patients with thyroid disease is still unknown. It proposed that mono and poly neuropathies are caused by different mechanisms. It has been assumed that mucinous deposits in the soft tissues around the peripheral nerves compress the nerve leading to mononeuropathy and polyneuropathy, caused by a demyelinating process or primary axonal degeneration ([@b6-epj-08-2977]). It has also been reported that the nerve conduction studies of 29% of hypothyroid patients might be positive for CTS ([@b7-epj-08-2977]). Decompression of the median nerve is the last treatment of choice which is usually considered in CTS patients with negative answer to conservative treatments. In this regard, CTS surgery can generally be successful ([@b8-epj-08-2977]) but surgeon's skill, pre and post-operative care and underlying disease can alter the outcome.

1.2. Objective
--------------

In present study, we aimed to find out whether hypothyroid patients would respond to CTS surgical decompression differently in comparison to the healthy individuals by means of the Boston CTS Questionnaire (BCTQ) and electrophysiological study.

2. Material and Methods
=======================

2.1. Study Design
-----------------

This study was held as a case control study on patients with CTS in need of surgical release, who were referred to Shahid Faghihi hospital, International Branch of Shiraz University of Medical Sciences, Shiraz, Iran from January 2013 to January 2015.

2.2. Study Population
---------------------

Patients were consecutively recruited and assigned to two groups. The first group were patients with hypothyroidism, which was diagnosed based on clinical symptoms and serum TSH level and the second group were euthyroid. CTS was diagnosed as if positive clinical signs and symptoms were present. Also electrophysiological findings should be suggestive for a CTS patient to be enrolled into the study. Indications for a surgical release of the median nerve included failed conservative treatment of more than 3 months or severe CTS diagnosed by electrophysiological study. Patients with the following characteristics were excluded: history of pregnancy, trauma to wrist or hand, previous carpal tunnel release; associated disease that was considered to have effect on the outcome such as diabetes mellitus, rheumatoid arthritis, cervical radiculopathy, other tenosynovitis of the same hand, such as trigger finger or de Quervain disease.

2.3. Clinical evaluation
------------------------

All patients were observed for 3 weeks after surgery and a BCTQ was completed for them before the surgery, the day after surgery and three weeks after surgery. The following data were obtained for each patient before the operation, the post-operative day, and one week after the operation: Patients' physical examination, and the BCTQ scores, were used in the follow-up of CTS patients. The BCTQ was defined by Levine et al. ([@b8-epj-08-2977]) in 1993 and since then it has been a reliable scoring system for the clinical follow-up of CTS patients which has been translated into various languages ([@b9-epj-08-2977]). In this questionnaire, 1 represents the slightest symptoms and best function and 5 represents the most severe symptoms and the worst function. The average score is calculated by dividing the whole score by the number of questions. Also we used a grading score based on patients' clinical symptoms ranging from 1 to 5. 1 indicates the weakest symptoms and 5 shows the most severe symptoms.

2.4. Statistical analysis
-------------------------

Statistical analyses were performed using the Statistical Package of Social Science software (SPSS version 16; SPSS, Inc., Chicago, IL, USA). The difference between preoperative and postoperative BCTQ scores and CTS grades in each group was evaluated using the paired t-test. Comparison of pre and postoperative BCTQ scores between the two groups were performed using the independent t-test. Statistical significance was set at P\<0.05.

2.5. Ethics
-----------

The Ethic Committee of Shiraz University of Medical Sciences approved our study protocol. Patients were asked about their willingness to participate in a research study. Those patients who refused were assigned to receive standard treatment. Those patients who agreed to participate were informed about their operation and study process. Written consent was signed by them.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

A total of 47 patients (25 hypothyroid and 22 with normal thyroid function) with an average age of 44 were included in this study. No patient was left handed. 15 patients were male and 27 were female.

3.2. Surgery outcomes
---------------------

The study showed that the grade of CTS decreased significantly 3 weeks after operation in comparison with preoperative grades (p\<0.001). A significant decrease was observed in the postoperative BCTQ scores of all patients, compared to preoperative ones (p\<0.001). This study also showed a decrease in BCTQ score in the three weeks postoperative follow up in comparison to postoperative BCTQ scores (p\<0.001) and preoperative ones (p\<0.001). We demonstrated that the postoperative BCTQ scores of euthyroid patients decreased more in comparison with hypothyroid patents ([Table 1](#t1-epj-08-2977){ref-type="table"}). Also, BCTQ scores of euthyroid patients decreased more in three weeks after operation in comparison with hypothyroid patients ([Table 1](#t1-epj-08-2977){ref-type="table"}). The most significant BCTQ score decrease, which was 2.2, was seen in two cases of euthyroid patients.

4. Discussion
=============

In present study, we have compared the BCTQ scores in patients with and without hypothyroidism who underwent carpal tunnel release. CTS is known as one of the most common complaints of hand and wrist ([@b9-epj-08-2977], [@b10-epj-08-2977]). The compression of the median nerve under a ligament at the wrist level causes numbness and tingling radiating to fingers ([@b10-epj-08-2977]). These symptoms may also be accompanied by pain and loss of strength ([@b4-epj-08-2977]). Although electrophysiological studies reported to be normal in 22% of the patients who were definitely diagnosed with CTS by means of clinical signs and symptoms, it is still used as one of the primary investigations ([@b11-epj-08-2977]). In this study, electrophysiological findings were complete along with clinical symptoms. Sensorial nerves, primarily the sural nerves, show the first signs of conduction of abnormality among patients with newly diagnosed hypothyroidism ([@b12-epj-08-2977], [@b13-epj-08-2977]). Based on the electrophysiological study findings, Yuksel et al. showed that the median motor and sensory nerves were affected the most compared to other nerves ([@b14-epj-08-2977]). Using the same diagnostic setting Somay et al., found that sensory nerves were mostly affected among hypothyroid patients ([@b15-epj-08-2977]). In a paired comparison study, published by Oktayoglu et al., it was revealed that right and left median sensory nerve conduction velocity decreased, distal latency increased and SNAP values decreased significantly in the hypothyroid group compared to the control group ([@b6-epj-08-2977]). They proposed that electrophysiological studies are of great value to detected entrapment neuropathies at an early stage even if the patient does not indicate any neurological or clinical symptoms ([@b6-epj-08-2977], [@b16-epj-08-2977]). These studies had an influence on better understanding of CTS in hypothyroidism but the fact that they lacked participants makes their conclusions indefinite.

In order to overcome the effect of small sample sizes on the association of CTS and hypothyroidism, Shiri et al. ran a meta-analysis study. Eighteen studies were selected. They found if studies which did not control any confounder were included, an association between a thyroid disease, whether hypo- or hyperthyroidism and CTS, is seen (N59,573, effect size \[ES\]51.32 (95% CI: 1.04--1.68) as well as between hypothyroidism and CTS (N564,531, ES52.15 \[95% CI, 1.64--2.83\]). But when the study is limited to the previous papers which controlled some potential confounders such as rheumatoid arthritis and overweight, the association between a thyroid disease and CTS disappeared(N54,799, ES51.17 \[95% CI,0.71--1.92\], I250%). The author came to this conclusion that only a modest association between hypothyroidism and CTS is present ([@b17-epj-08-2977]). In this study, we were unable to define the association between hypothyroidism and CTS because of selection bias. Splinting, therapy, and locally injected drugs have been considered as different conservative management of CTS ([@b18-epj-08-2977]). Randomized clinical studies investigating the effect of non-surgical treatment for CTS have been reviewed by Gerritsen et al, and it was reported that these treatments had little impact on long term symptom-free periods in CTS patients ([@b19-epj-08-2977]). On the other hand, the studies that have revealed the effect of nonsurgical treatment also have claimed recurrence of positive results with the passage of time ([@b20-epj-08-2977], [@b21-epj-08-2977]) which would cause additional treatment in the future leading to an increase in costs. We showed that early post-operative results of carpal tunnel release would be promising for both hypothyroid and euthyroid patients. In a randomized controlled trial by Jarvik et al., 116 patients were randomly assigned to surgery or a conservative treatment group. They reported that in patients with carpal tunnel syndrome without denervation, surgery had slightly improved hand function and symptoms within 3 months, compared with a conservative treatment. Although some patients who underwent surgery reported persistent symptoms these advantageous results claimed to persist for 1 year ([@b8-epj-08-2977]). Hypothyroid patients may have shown less success in conservative treatment which would lead to surgery ([@b17-epj-08-2977]). In this study we are not able to make any comments on this topic, as we had assigned our hypothyroid patients straight to surgery without prior conservative surgery. But the fact that euthyroid patients had lower scores in the BCTQ on post-operative day and on three weeks after surgery, indicates that surgery may have better results in patients with normal levels of thyroid hormones. We reported lower scores of BCTQ in patients with hypothyroidism. Considering the items in this questionnaire, it means these patients had worse symptoms compared to euthyroid patients. This finding may raise the notion that if hypothyroidism is treated, patients would have less symptoms, but it has been shown that CTS symptoms are also seen, even when hypothyroid patients have euthyroid ([@b22-epj-08-2977]) or when they were on levothyroxine therapy ([@b3-epj-08-2977], [@b23-epj-08-2977]).

5. Conclusions
==============

In this study we found that hypothyroid patients had lower post-operative BCTQ score which indicate that hypothyroidism affects CTS symptoms severity and postoperative results of carpal tunnel release. Considering the difference between post-operative results of hypothyroid and euthyroid patients, hypothyroidism should be treated prior to surgical intervention in order to have more favorable results. Future studies should be dedicated to investigate the impact of time intervals between hypothyroidism treatment and carpal tunnel release surgery.
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Mean of postoperative and 3 weeks postoperative BCTQ score decrease in two groups

  Patients      Count   Mean of BCTQ score decrease postoperative   P value   Mean of BCTQ score decrease 3 week postoperative   p-value
  ------------- ------- ------------------------------------------- --------- -------------------------------------------------- ---------
  Hypothyroid   25      0.148                                       \<0.001   0.168                                              \<0.001
  Euthyroid     22      1.131                                       \<0.001   1.83                                               \<0.001
